A malonylation=decarbalkoxylation sequence from 2-substituted furans was investigated in view of developing a scalable synthesis of hydrophobic nonactic acid analogues.
Introduction
The antibiotic ionophore nonactin is a natural product produced by a variety of Streptomyces species [2] . Structurally, nonactin consists of four nonactic acids (Scheme 1) condensed in a (þ) (À) (þ) (À) atypical fashion. Nonactin is used as additive in the semipermeable membranes in ion selective sensors. Its selectivity for ammonium and potassium cations enables one to discriminate in favour of these two cations [3] . The life span of these electrodes is limited due to the loss of nonactin into the aqueous solution. Our goal is to prepare hydrophobic nonactin derivatives [4] , to increase the life time of the ionophore in the semi permeable membrane. As part of our studies on the macrocycle nonactin, we plan to develop a new route to generate 2,5-disubstituted furans, precursors of simple analogues of nonactic acid.
In the previous paper, we described an efficient and cheap synthesis of derivatives of nonactic acid, the monomeric precursor of nonactin, from furan using different radical coupling reactions [1] . The yields for the introduction of the second lateral chain in the 5-position of the furan under our conditions was not satisfactory. Thus, we propose alternative, versatile two steps malonylation=decarbalkoxylation sequences. Under these conditions total conversions of 1a-1d into the products 2 and 11-21 could be achieved in moderate to good overall yields (Scheme 2). In this paper, which is the first of a series of two publications, we present our results on the first malonylation step.
Results and Discussion
We used as starting material the 2-substituted furans 1a, 1b, and 1d obtained by a radical alkylation strategy and 1c obtained by a deprotonation alkylation methodology [1] . As large quantities of our model compounds were needed for our studies, it was necessary to achieve total conversion and to develop easy purification procedures. Ce(IV) or Mn(III) can catalyse the creation of electrophilic radical carbons, which are known to react with aromatic rings in good yields [5] . We studied the Weinstock's malonylation procedure using CeSO 4 [6] . The transformation of 1a giving product 2 could be accomplished, however in an unsatisfactory 31% yield (Scheme 3). Sulfuric acid is generated during the reaction. We added a few drops of sulfuric acid right from the beginning without changing the yield. Therefore sulfuric acid is not responsible for the low yield observed. On 0.2 g scale, the total conversion into 1a was obtained in 8 h, but on 1 g scale, 30 h and 2 equivalents of CeSO 4 were necessary to obtain total conversion. In 1 g scale, continuous addition of solvent was necessary to keep the mixture stirrable, as the reaction mixture became more and more viscous. Due to this practical problem the development of a scalable process is difficult.
The ease of deprotonation of the malonyl function allows the introduction of a methyl or a more hydrophobic octyl chain. We obtained the best results using DBU as a base in CH 2 Cl 2 (Scheme 4). The methyl group was introduced in almost quantitative yield within 3 h at rt, whereas the octyl chain re-quired 6.5 h in refluxing CH 2 Cl 2 to give a satisfactory 68% yield. Our first attempts to introduce the octyl chain followed the method described by Van der Gen using NaH as base in THF [7] . In this case, we found that HMPA was required as cosolvent to dissolve the corresponding anion of 2, and the yield in 3b was only 31% after 18 h under reflux.
With the hope to increase the yield, we studied other reaction conditions for the introduction of the malonyl group into our furans. Baciocchi used CAN (Ce(NH 4 )(NO 3 ) 6 ) in MeOH [5] to perform the malonylation of aromatic compounds. We applied these reaction conditions to our heteroaromatic alcohol 1a, but only the unexpected product 4 could be isolated in 32% yield (Scheme 5). The formation of 4 can be rationalized by the following sequence: formation of the electrophilic radical, addition of this radical to the heterocycle, oxidation to the stabilized cation followed by rearomatisation, deprotonation of the acidic methin group, addition of methanol to the oxidized heterocyclic ring yielding the dearomatized furan ring. Baciocchi used phenyl and naphthyl derivatives as starting materials having higher resonance energies than furans and thereby preventing dearomatization.
Citterio et al. [8] reported the utilisation of Mn(III) acetate to introduce the malonyl group into aromatic rings. Cho and Muchowski [9] prepared Mn(III) salt in situ [10] from potassium permanganate and Mn(II) acetate. This is a cheaper alternative to achieve the malonylation of aromatic substrates. So we combined these two methodologies to prepare a set of mono-and disubstituted products, first from furan and triethyl methanetricarboxylate and from substituted malonates as well ( Table 1 ). As expected from the proposed mechanism, the reaction is regioselective for positions 2 and 5 of the furan ring. The use of dimethyloctyl malonate doesn't affect the overall yields of 8 and 9 if compared with the results obtained for 6 and 7. We can therefore successfully introduce the malonyl unit together with the octyl chain ( Table 1 ). The formation of the mixture of mono-and disubstituted products can be avoided using tri(ethoxycarbonyl)methane. The product 10 was obtained using two equivalents of triethyl methanetricarboxylate.
Based on these preliminary studies the method was applied to 2-(furan-2-yl)ethanol (1a). Promising yields could be obtained (Table 2) . However, we could observe the O-acetylation of roughly half of the product under the reaction conditions. O-Protected 2-(furan-2-yl)ethanol derivatives reported in our previous paper [1] were then investigated. The best yields and the easiest purifications (Table 3) . Purification by chromatography can be avoided despite the presence of some impurities in small quantities. Chromatography was necessary to fully characterise the new products synthesized in 55-89% yields. The diastereotopic protons of the CH 2 -group of the ethyl esters resonated at different chemical shifts in the products 6, 8, 9, 14, 17 , and 18 (see Experimental).
Conclusions 2,5-Disubstituted furans were prepared avoiding purification by chromatography as much as possible. In many cases the products could be obtained in good overall yields without any chromatography and in some cases, only one purification by chromatography was necessary. The best results were obtained for the synthesis of 19 and 20. On a 15 g scale 19 was obtained in 81% yield; the compound 20 was obtained in 89% yield on a 19 g scale. This efficient and scalable strategy allowed us to prepare these compounds in sufficient quantities for our further synthesis studies. The development of an efficient decarbalkoxylation methodology leading to our target molecules will be reported in the subsequent publication.
Experimental
All moisture-sensitive reactions were carried out under Ar and N 2 using oven-dried glassware. All reagents were of commercial quality if not specifically mentioned. Solvents were freshly distilled prior to use. (5.66 g, 14 mmol) added slowly in a minimum of H 2 O. After 1 h, 5 g celite were added, after 11 h, 23 h, and 28 h 1.42 g, 2.84 g, and 1.42 g CeSO 4 were added. After 2 h, the solution was filtered, washed with NaOH (0.1 M) and MeOH was removed by evaporation in vacuo. The product was extracted 6 times with AcOEt, and the combined organic layers were washed with brine. The organic layer was dried (Na 2 SO 4 ), and the AcOEt removed by evaporation in vacuo. Purification by chromatography on a silica gel column using CH 2 Cl 2 =Et 2 O increasing the diethyl ether ratio afforded 2 (1.03 g, 4.25 mmol, 31%). Oil; 3133, 3008, 2957, 2890, 2849, 1742, 1611, 1559, 1437, 1317, 1283, 1239, 1202, 1152, 1028 Dimethyl 2-(5-(2-hydroxyethyl)-5-methoxyfuran-2(5H)-ylidene)malonate (4, C 12 H 16 O 7 ) A stirred solution of 1a (200 mg, 1.8 mmol) and dimethyl malonate (236 mg, 1.8 mmol) in 50 cm 3 MeOH was reacted at rt with CAN (1.96 g, 3.6 mmol) added over a 0.5 h period. MeOH was removed by evaporation in vacuo, 50 cm 3 brine were added, and the product was extracted 10 times with diethyl ether. The combined organic layers were dried (Na 2 SO 4 ), and the diethyl ether was removed by evaporation in vacuo. Purification by chromatography on a silica gel column using CH 2 Cl 2 =Et 2 O ¼ 4=1 afforded 4 (155 mg, 0.57 mmol, 32%). Oil; R f ¼ 0.10 (CH 2 Cl 2 =Et 2 O ¼ 4=1); IR (film):
¼ 3129, 3091, 3000, 2954, 2894, 2842, 1713, 1636, 1583, 1437, 1337, 1275, 1217, 1193, 1167, 1129, 1079, 1035, 995, 947, 929, 818 General Procedure for the Synthesis of Di-and Triethyl Furylmethanedi-and -tricarboxylates with Mn(III) KMnO 4 (0.57 eq) was added to a 100 C and stirred solution of Mn(OAc) 2 Á 4H 2 O (2.27 eq) in AcOH (2 cm 3 Á mmol À1 Mn(OAc) 2 Á 4H 2 O). After 0.5 h, Ac 2 O (6.8 eq) was added cautiously and then the mixture was cooled to rt. Di-or triethyl methanedi-or -tricarboxylate (0.5-2 eq), the appropriate furan derivative (0.5-2 eq), and NaOAc (1.82 eq) were added and Fig. 1 . Labeling used for NMR assignment the resulting mixture was stirred at 65 C in an Ar atmosphere for 24 h. After cooling at rt, H 2 O (1 cm 3 Á mmol À1 NaOAc) was added and the product was extracted with toluene (4Â 5 cm 3 = cm 3 H 2 O). The extract was washed with H 2 O and brine, dried (MgSO 4 ), and evaporated in vacuo. Purification by chromatography on a silica gel column using n-hexane=AcOEt increasing the AcOEt ratio afforded the product.
